| INTRODUCTION
Carbamoyl phosphate synthetase 1 deficiency (CPS1D; MIM237300)
is an autosomal recessive genetic disorder, characterized by devastating metabolic disease dominated by severe hyperammonemia, and some patients also suffer from brain white matter changes. 1, 2 The time of onset presents as either in neonates or in a more insidious late-onset. The morbidity of CPS1D is estimated 1:50 000-1:300 000
in worldwide, of which 1:800 000 in Japan and 1:50 000-1:100 000 in European population. 1, [3] [4] [5] [6] To our knowledge, the frequency of CPS1D
has not been observed in Chinese cohorts and only three Chinese patients with CPS1D were reported. 1, 3 The pathogenic gene of CPS1D is CPS1 (CPS1; NC_000002.12), which encodes carbamoyl phosphate synthetase 1 (CPS1). As a rate-limiting enzyme in the urea cycle, CPS1 catalyzes the synthesis of carbamoyl phosphate from bicarbonate, ammonia, and adenosine triphosphate (ATP). 7 CPS1 maps on chromosome 2q35 and comprises 38 exons that span more than 120 kb region, which encodes 1500 amino acids. 8 More than 240 changes distributed along the whole CPS1 sequence, including missense, nonsense, deletion or insertion, and other types of mutations resulting in enzyme destruction, have been confirmed in unrelated individuals with CPS1D
in the world population, while only 6 mutations were reported in Chinese patients. 1, 3, 4 Based on the next-generation sequencing (NGS), we report two novel mutations causing compound heterozygous CPS1 in a fourteenmonth-old girl with hyperammonemia crisis and leukodystrophy of neonatal onset from a Chinese family. CPS1D was diagnosed according to the clinical characteristics and genetic analysis. On the basis of the diagnosis, prenatal diagnosis of CPS1D by amniotic fluid sampling should be performed on the patients' mother during next pregnancy, to deliver a healthy baby. (Table 1) The proband of this study is a fourteen-month-old girl, who was admitted to hospital at three-month age due to cerebral injury and recurrent seizures for two months. The girl was the second child born to the parents who did not have a consanguineous marriage, and no congenital diseases were documented in the family. The patient has a healthy 3-year-old sister, and a younger brother was born recently. The boy presented low activity, somnolence, and tachypnoea after birth, and further examination indicated severe hyperammonemia (serum ammonia level > 1000 μmol/L). He died at 35 days.
| MATERIALS AND METHODS

| Clinical characterization of patients
Similar symptoms had been observed on the proband. Poor feeding, low activity, and tachypnoea with groaning were observed within 4 days after birth. At three months of age, she was admitted to hospital because of recurrent hypertonia, with convulsion and head lag. Her serum ammonia level was above 500 μmol/L.
Brain magnetic resonance imaging (MRI) and cranial computed tomography (CT) ( Figure S1 ) revealed a formation of softening lesion in bilateral deep frontal lobe and parietal lobe. Enlarged ventricular, decreased density of bilateral cerebral white matter and widened extracerebral space were detected, which suggested leukodystrophy.
Electroencephalogram (EEG) returned abnormal electroencephalogram: multifocal low-middle amplitude spike wave and distributed apex wave can be observed dramatically in the left frontal, central, and posterior temporal regions during sleeping stages.
The primary diagnosis of this case was metabolic acidosis and brain damage. Blood and urine samples of the patient were then collected for metabolic screening and gene testing. Meanwhile, proteinfree milk was given to the patient every 3 hours via a nasal tube, 60 mL per time. Acid correction treatment was administered with alkali solution. L-arginine and levocarnitine were used to improve metabolism. Ganglioside and vitamin-B6 were used for neurotrophic therapy.
After 4 days' treatment, the patient's serum ammonia level decreased dramatically with activity improved and recurrent hypertonia reduced.
| Blood tandem mass spectrometric analysis
Sample preparation for MS-MS (API4000, AB Sciex, Massachusetts, USA) was carried out as described previously with some modifications. 9,10 A single 3-mm dried blood spot (equivalent to 3.2 μL of blood) was placed in a polypropylene filter plate. Then, methanolic internal standard solution (100 μL) was added. After standing for 20 minutes, the extract liquor was filtered into the polypropylene microtiter plate and dried by a hot air blower at 55°C. Finally, add 100 μL acetonitrile (80%) and cover the plate with aluminum foil. Through these processes, the sample was ready for MS/MS analysis.
| Urea organic acidemia screening
Sample preparation for GC-MS (7890A-5975C, Agilent, California, USA) was based on the previous described by Xiaowei Fu. water, 5 minutes oscillated and 4500 rpm centrifugation was followed, removed the supernatant into a third centrifuge tube (tube 3).
After drying the aliquot with a pressure blowing concentrator, 100 μL of a BSTFA and TMCS (99:1, v:v) mixture were added for derivation at 60°C for 60 minutes. 400 μL n-hexane was then added to tube 3 and oscillated for 3 minutes after restoring to room temperature. Through the above processes, the sample was ready for GC/MS analysis.
| Genotyping by next-generation sequencing (NGS)
Genomic DNA was isolated from peripheral blood samples using 
| RESULTS
| Blood tandem mass spectrometric analysis and urea organic acidemia screening
Urine organic acidemia screening showed elevated urinary lactate, acetoglycocoll, malic acid, alkapton, 4-hydroxyphenyl-lactic acid, and 4-hydroxyphenylpyruvic acid. Blood tandem mass spectrometry revealed dramatically decreased citrulline and threonine. These results suggested liver dysfunction or urea cycle disorder.
| Sequence analysis and cosegregation in the family
Sequence analysis revealed that the patient has two heterozygous missense mutations in the CPS1 (II-2; Figure 1B allele was paternal, and the c.796G>A allele was maternal (I-1, I-2; Figure 1A ,B). Furthermore, c.173G>T allele was found in the patient's sister, while c.796G>A allele was not (II-1, Figure 1A ,B). Her brother's genotype cannot be confirmed because the samples were not available.
| Structure-function correlations of the CPS1 mutations
Mature CPS1 enzyme composes a 40 kDa N-terminal and a 120 kDa C-terminal moiety. The 40 kDa N-terminal moiety is homologous to the small subunit of bacterial CPS, which composes intersubunit interaction domain and glutaminase subdomain (ISD and GSD) according to the bacteria enzyme. 4 In bacteria, this small enzyme subunit catalyzes the transfer of the amide nitrogen from glutamine to the catalytic center. But human CPS1 cannot use glutamine because of the lack of cysteine residue for aminotransferase activity. (Figure 2A ). 13 The two mutations in this study are located in ISD and GSD, respectively, and the substituted amino acids are highly conserved throughout evolution (Figure 2A,B) . Both mutations were predicted to be deleterious by SIFT (http://sift.jcvi.org), PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/), and PROVEAN (http://provean.jcvi.org) prediction tools. Significant amino acid and conformation changes of the affected polypeptide were simulated with SWISS-MODEL (https:// swissmodel.expasy.org) ( Figure 2C ).
| DISCUSSION
Cases of CP1D are usually sporadic. Diagnosis of CP1D is difficult due to its comprehensive symptoms spanning multiple organs. CPS1
has high expressions in liver and intestine which catalyzes the entry of ammonia into the urea cycle in the first and limiting step of the cycle. 14 A deficiency in CPS1 will lead to urea cycle disorder and accumulation of ammonia. 15 Therefore, marked hyperammonemia and decreased downstream production of the urea cycle can be observed in patients with CPS1D. As the superabundant ammonia can enter the central nervous system and exerts its toxic effects on the brain, hepatic encephalopathy can also be detected as a complication of hyperammonemia. 16, 17 MRI data of the patient are reported in our study which is always absent in other reports because of untimely diagnosis and limited lifetime of patients with CPS1D. Moreover, as a crucial activator of CPS1 by producing N-acetylglutamate, defects in N-acetylglutamate synthase (NAGS) gene can also lead to similar metabolize dysfunction. 18, 19 Therefore, genetic examination is the key element in making a definite diagnosis of CPS1D.
The severity of the manifestations in patients with CPS1D depends on the degree of enzymatic activity deficiency. The uneven distribution of mutations in CPS1 causing CPS1D implied that some regions in this enzyme take main charge of enzyme folding and functionality. 4 Mutations in the large-subunit-like moiety involving the two phosphorylation domains and the NAG binding domain are highly important to the activation of the enzyme and more likely to be pathogenic. The clinical symptoms of the patient had been relieved through some basic treatment. However, the only cure for CPS1D is liver transplantation, while other treatments aim at managing hyperammonemia.
Dietary protein restriction is required to patients with CPS1D. Drugs such as L-arginine, sodium benzoate, sodium phenylbutyrate, and sodium phenylacetate can be used for detoxification of long-term hyperammonemia, while hemodialysis should be considered for severe acute hyperammonemia. 15, 24 Besides, N-carbamoyl-L-glutamate (NCG), an allosteric activator of CPS1, has been tested to decrease ureagenesis in minority patients with CPS1D. 25 A recent study also indicates flavonoids can rescue CPS1 levels and reduce serum ammonia in CPS1-repressed mouse models. 26 Moreover, with the genomeediting strategies become gradually mature, for instance, CRISPR/ Cas9 system, gene therapy will be a potential approach to correct CPS1 mutations in patients with CPS1D. 24 In conclusion, CPS1D is a rare monogenic inheritance disorder that Research (AWS17C001). We deeply appreciate the patient and her family for the participation in this study.
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